The aim of the present study was to test the association between muscular strength, functional limitations, body composition measurements and indexes of sarcopenia in a sample of community-dwelling, elderly women at the high end of the functional spectrum. DESIGN: Cross-sectional. SUBJECTS: In all, 167 women aged 67-78 y were selected from the general population in central Verona. A group of 120 premenopausal healthy women aged 20-50 y represented the young reference group. MEASUREMENTS: Body weight, height, body mass index (BMI) and the presence of acute and chronic conditions were evaluated in each subject. Body composition was measured by dual-energy X-ray absorptiometry (DXA). Physical functioning was assessed using a modified version of the Activities of Daily Living Scale. Dominant leg isometric strength was measured with a Spark Handheld Dynamometer. RESULTS: Elderly women with BMI higher than 30 kg/m 2 and in the highest quintile of body fat percent showed a significantly higher prevalence of functional limitation. In our population study, about 40% of sarcopenic elderly women and 50% of elderly women with high body fat and normal muscle mass were functionally limited. The prevalence of functional limitation significantly increased in subjects with class II sarcopenia, defined according to the skeletal muscle mass index (SMI ¼ skeletal muscle mass/body mass Â 100). In logistic regression models, after adjusting for age and different chronic health conditions, subjects with BMI higher than 30 kg/m 2 , in the highest quintile of body fat, or with high body fat and normal muscle mass or class II sarcopenia according to SMI, had a 3-4 times increased risk of functional limitations. Finally, isometric leg strength was significantly lower in subjects in the lowest quintile of relative muscle mass and in sarcopenic and sarcopenic obese women. CONCLUSIONS: High body fat and high BMI values were associated with a greater probability of functional limitation in a population of elderly women at the high end of the functional spectrum. Among the different indexes of sarcopenia used in this study, only SMI predicted functional impairment and disability. Isometric leg strength was significantly lower in subjects with sarcopenia and sarcopenic obesity.
Introduction
Since 1989, great interest has been focused on sarcopenia, a term used to define the age-related gradual decline of skeletal muscle mass and strength. [1] [2] [3] [4] [5] [6] Sarcopenia has been hypothesized to be involved in the onset of frailty and disability in the elderly, but only a few epidemiological studies have evaluated its prevalence as well as its relation with disability. 2, [7] [8] [9] [10] [11] In the New Mexico Elder Health Survey, sarcopenia was significantly associated with self-reported physical disability in both sexes. 7 Using different criteria to define sarcopenia, Janssen et al, 11 in a wide sample of elderly men and women, showed a significant relationship between low skeletal muscle mass, functional impairment and physical disability. Moreover, in another study, lower leg muscle mass and greater fat infiltration of muscle in mid-thigh CT scans were associated with poorer lower extremity performance in elderly men and women. 12 In contrast, other epidemiological studies failed to observe any association between muscle mass and disability in independent elderly subjects. [13] [14] [15] However, in these studies
Visser et al 13, 14 observed a strong positive association between fat mass and disability in cross-sectional and longitudinal analyses. 14 In a small sample of elderly independent women, we previously observed a significant association between functional limitation, body fat and percent body fat, as well as with high body mass index (BMI) values. 16 A relation between BMI and physical disability or functional limitations has been described in the elderly. [16] [17] [18] [19] [20] However, since BMI could be considered as an index of both body fatness and muscularity, it is difficult to infer as to which body composition component could be more strictly related to the presence of functional limitation.
Decline of muscle mass and increase of body fat is considered a 'physiological' feature of aging. [21] [22] [23] [24] Both these age-related body composition changes seem to be independently associated with an increased risk of functional limitation. 7, [11] [12] [13] [14] [15] [16] However, it is not clear whether this risk could be explained by the changes of muscle mass or body fat only, or by the interaction between both these compartments. The objectives of the present study were to evaluate the association of muscular strength and functional limitations with body fat or muscle mass, testing the contribution of each of these components of body composition to disability in a sample of community-dwelling elderly women at the high end of the functional spectrum.
Materials and methods

Subjects
Subjects were recruited from the lists of 11 general practitioners in Verona and were eligible if weight-stable (no body weight fluctuations higher than 5 kg were reported over the previous 6 months), if able to walk for at least 800 m without difficulty and free of cognitive impairment as measured by a Mini-Mental Status Examination score higher than 24. Participation in regular physical exercise more than once a week during the study period acted as an exclusion criterion. The presence of acute and chronic conditions, as well as the use of medications was determined with standardized questionnaires already validated and used in the Italian Longitudinal Study on Aging. 25 The chronic conditions assessed included cardiovascular disease, degenerative joint disease, hypertension and diabetes. All the participants were volunteers and gave their consent to the study, whose protocol was approved by the Ethical Committee of Verona University.
We evaluated a final sample of 167 community-dwelling women aged 67-78 y, with a BMI ranging from 18. ).
Dual-energy X-ray absorptiometry
The total body fat and total lean soft tissue were determined using dual-energy X-ray absorptiometry (DXA) (Hologic QDR 2000, Waltham, USA) array beam with software version 7.2. The characteristics and physics concept of DXA measurements have been described elsewhere. 30, 31 All metal objects (jewellery, snaps and belts) were removed. Measurements were taken with the subject positioned supine on the Body composition and disability E Zoico et al scanning table. The radiation exposure was less than 8 Sv, and the mean measurement time was 6 min. Daily qualityassurance tests were performed according to the manufacturer's direction. All the scans were subsequently analyzed by a single trained investigator. The total body fat was expressed in kg and as a percentage of body weight. Lean soft-tissue mass was considered as the total body mass minus the sum of total body fat and bone mass and expressed in kg. Compartments of arms and legs were also examined, using the subregion option of the software. Appendicular skeletal muscle mass (ASM) was calculated as the sum of arms and legs lean soft-tissue masses. where sex ¼ 0 for female. The relative muscle mass was then calculated as the total body skeletal mass divided by squared height. 34 Body composition indexes Three BMI categories were considered using as cutoff values, respectively, o24.9 kg/m 2 for normal weight, 25-29.9 kg/m 2 for overweight and 430 kg/m 2 for obese subjects. 35 Quintiles of body fat percent were created. Cutoff values for body fat quintiles in our study population were o36.3% (I), 36.3-39.8% (II), 39.8-42.9% (III), 42.9-45.6% (IV) and 445.6% (V).
Quintiles of relative muscle mass were also created. Cutoff values for relative muscle mass quintiles in our study population were o5. According to Davidson et al, 34 four groups were created by crosstabulating quintile scores for the percentage of body fat and relative muscle mass. These groups included subjects with normal body fat and muscle mass (I-III quintile of fat and III-V quintile of muscle), with high body fat only (IV-V quintile of fat), with low muscle mass only (I-II quintile of muscle) and with sarcopenic obesity, defined as high body fat with low muscle mass (IV-V quintile of fat and I-II quintile of muscle). The ASM adjusted by stature index (ASM/h 2 ) was also computed as described by Baumgartner et al. According to Janssen et al, 11 the skeletal muscle index (SMI) was obtained by converting the total body skeletal muscle mass, computed using the predictive equation normal-weight and obese women, as well as between subjects in the first and fifth body fat and relative muscle mass quintiles, between different sarcopenia/obesity classes and between subjects classified as normal or class II sarcopenic according to the Baumgartner and Janssen index, were tested using Student's t-test for unpaired data. Odds ratio (OR) (95% CI), predicting functional limitations based on different body composition measurements and indexes, were obtained from logistic regression models after controlling for potential covariates like age and chronic health conditions. Comparisons between the mean values of isometric leg strength in different groups of patients were made using Student's t-test for unpaired data. A significance level of 0.05 was used throughout the study. Statistical analyses have been performed using the SPSS statistical package (version 10.0 for Macintosh).
Results
The characteristics of the elderly subjects enrolled in the study are presented in Table 1 . About 43% of elderly women reported functional limitations; in particular, 64% had difficulty kneeling or bending, 53% doing heavy housework, 32% climbing stairs, 15% raising arms behind the head and 14% walking for 800 m without stopping (data not shown in table). The prevalence of arthritis and hypertension exceeded 50% in our population, with a mean of at least two chronic diseases reported for each participant. Values of BMI ranged from 18 to 35 kg/m 2 , with 42% normal-weight, 42%
overweight and about 16% obese women. Only 12% of elderly women were classified as both sarcopenic and obese, Body composition and disability E Zoico et al whereas 27% of women were only sarcopenic, 27% were only obese and 33% had normal muscle mass and body fat values. In logistic regression models (Table 3) , after adjusting for age, arthritis, hypertension, heart diseases and diabetes, subjects with BMI higher than 30 kg/m 2 and in the highest quintile of body fat had, respectively, a 4-3 times increased risk of functional limitation. Elderly women with high body fat and normal muscle mass showed a significantly increased risk of functional limitation compared to women with sarcopenia or sarcopenic obesity only. However, when sarcopenia was defined using SMI, subjects classified as type II sarcopenic had a 3.8 times increased risk of functional limitation compared to women with normal SMI values. Figure 1 shows the relation between isometric leg strength and different body composition indexes. Dominant leg strength was significantly lower in women in the lowest quintile of relative muscle mass than in subjects in the highest quintile and in sarcopenic and sarcopenic obese subjects than in normal elderly women. No significant differences were found in leg strength among the different ASM/h 2 classes, even though the mean strength values consistently decreased from normal subjects to class I and II sarcopenic women. 
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Discussion
Our study shows that high body fat and high BMI values were associated with a greater likelihood of functional limitation in a population of elderly women at the high end of the functional spectrum. Among the different indexes of sarcopenia used in this study, only SMI predicted functional impairment and disability.
In old age, function is considered to be independently related to overall mortality. 36 Disability has enormous societal and personal implications, and great efforts have been made in the last few years to understand how body composition changes could contribute to deteriorate function with age. Different hypotheses have been advanced about the contribution of two components of body composition, fat and muscle mass, to the onset of functional limitations and disability. In the literature, the majority of the authors analyzed separately the contributions of each of these body composition components, providing discrepant results. 7, [12] [13] [14] [15] [16] However, since fat and muscle mass are not biologically independent, some studies 11, 15, 34 have recently tried to study the relation between physical function and new body composition indexes combining both these components.
In our study, we focused on this topic, starting from each of these different approaches, introducing in the analyses different body composition measurements and indexes.
Our data showing a relation between body fat and disability, with a 3-4 times increased risk of functional impairment in women in the highest quintile of fat or with BMI higher than 30 kg/m 2 , are in line with previous studies conducted in elderly subjects. [13] [14] [15] [16] Visser et al, 13, 14 in elderly men and women of the Framingham Heart Study and of the Cardiovascular Health Study, observed a strong positive association between fat mass and disability in cross-sectional analyses, and fat mass was one of the strongest predictors of disability 3 y later.
In our study, isometric leg strength was, overall, not related to fat mass. Similarly, Sternfeld et al, 15 in a wide sample of middle aged and elderly men and women, did not find a significant relation between grip strength and fat mass estimated from bioelectric impedance. Our findings together with that of Sternfeld et al 15 indicate no negative influence of fat mass on muscular strength. Fat mass may negatively impact physical functioning, probably through several mechanisms, as confirmed by the fact that its effect on disability is still significant in our study even after adjusting for osteoarthritis and other chronic diseases. We did not find any relation between indexes of sarcopenia expressing the absolute amount of body skeletal muscle mass and disability. Subjects in the lowest quintile of relative muscle mass, or with type II sarcopenia, according to the index of Baumgartner, did not show a significantly increased rate of reported disability. On the other hand, in our study all these indexes were strictly related to isometric leg strength. In the New Mexico Elder Health Survey, Baumgartner et al 7 described for the first time an association between low relative muscle mass and functional impairment and disability. The discrepancy between our results and the data published by Baumgartner et al 7 could be at least in part be explained by the characteristics of the populations of the two studies. Elderly women participating in our study were young old, reported low morbidity and none or only mild disability; thus they could probably be considered relatively high functioning. Actually, it has been recently suggested that in subjects who are relatively high functioning, the relation of body fat to function may be most important, while in the frail the level of lean mass may be the determining factor. 37 On the other hand, we described a relation between physical function, disability and a composite index of sarcopenia, SMI. Subjects classified as class II sarcopenic, using SMI, 11 showed a more than three times increased risk of functional limitation. SMI is obtained by dividing skeletal , seems to be more useful in detecting the relation between sarcopenia and functional status in relatively high functioning elderly populations. In these subjects, the amount of muscle mass is above the hypothetical threshold for sarcopenia at which the risk of disability increases. Therefore, in this context it seems likely that most activities of daily living may be influenced more by body size and in particular by body fat than by the amount of muscle. Thus in relatively high functioning populations, an index founded on the ratio between muscle mass and fat mass, such as SMI, may be more strongly related with impairment of mobility tasks of daily living.
Disproportionate low lean mass in subjects with high fat mass has been recently called sarcopenic obesity. 2 A relation between sarcopenic obesity and disability has been recently observed. 38 However, our study failed to describe this association. Subdividing our study group into four classes on the basis of fat mass and relative muscle mass quintiles, as recently suggested, 34 we found a significant increased risk of disability in subjects with high body fat and normal muscle mass (OR: 3.06; 95% CI: 1.25-7.47), while we did not observe a significant increased risk in those with high body fat and low muscle mass, that is, in sarcopenic obese subjects (OR: 2.16; 95% CI: 0.73-6.42). However, in our study, the small number of women in the group with high body fat and low muscle mass may be responsible for the lack of significant results. This hypothesis needs to be further investigated. Overall, our study shows that obesity is independently associated with functional limitation and disability in the elderly. On the other hand, our findings do not support a relation between functional limitations and overweight. It must be noted that in wider samples of elderly subjects, even mild degrees of overweight have been previously associated with higher risk of functional limitations. 34 However, further studies are warranted to investigate the relation between overweight and disability. Among all the indexes we used, BMI seems to be the one with the highest capacity to explain disability, suggesting that when elderly subjects have BMI values higher than 30 kg/m 2 , all the other indexes of body composition may be of scarce additional value.
Several limitations of the present study should be recognized. First, the cross-sectional nature of the data makes it difficult to interpret any cause-effect relationship. Second, the study had a small sample size, was only representative of women, who had mild levels of functional impairment and relatively low morbidity. Third, the study lacked performance-based measures of physical function.
However, to our knowledge, nobody has previously tested in the same population study different body composition parameters and indexes, trying to focus on their relevance to important outcomes such as disability and muscular strength. Body composition and disability E Zoico et al
In conclusion, our study, trying to test different body composition parameters and indexes in the same population, shows that high body fat and high BMI values were associated with a greater probability of functional limitation in a population of elderly women at the high end of the functional spectrum. In this sample of high functioning subjects only SMI predicted disability. Obesity in the elderly still seems to be associated with a greater likelihood of disability. In the clinical practice, BMI may be considered as a simple to obtain marker of the risk of functional impairment in the elderly. However, other indexes that control lean mass for fat mass size, like SMI, also seem to be relevant from this point of view even if more difficult to obtain in a clinical setting. Isometric leg strength was significantly lower in subjects with sarcopenia and sarcopenic obesity.
Future research on body composition, physical function and muscular strength should focus on longitudinal data, possibly with wide samples of subjects affected not only by mild but also by severe disability.
